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- E 0S-9 Endorsed at EOS Planning Workshop, 1998

* Design Center Studies, 1999-2001

— 2 IMDC Sessions, 2 ISAL runs, 1 Team X study, 4 RSDO studies, and 1 in-house feasibility
study

* Y02 Begin Formulation — assume in-house

— Initiate Partnership discussions
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— Develop Programmatics and Management Planning

— Complete System Requirements Definition
* Held successful SRR June 2002
* Held successful Spacecraft Concept Review December 2002 based on in-house

* Held majority of subsystem Peer Reviews by June 2004 based on in-house

— Project activities were within 6 months of spacecraft PDR

» FY04 redirected to investigate out-of-house
— Conducted 100 day RSDO vendor study fall 2004

» FY05 redirected to Hybrid approach
— Two phased approach
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* Multi-vendor 4 month study to finalize avionics requirements

* Award an implementation contract with one RSDO vendor
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- Previous in-house activity demonstrated requirements traceability
and design feasibility via subsystem peer review process

- 100 day RSDO Study demonstrated performance requirements
are achievable

— 3 vendors with commercial avionics products can meet the driving
requirements

- All mission architecture work still applicable to Hybrid
development

— I\?teT frades: S/A sizing, battery chemistry and sizing, TDRSS MA vs.
, eflc.

- Mission level requirements documentation still applicable:
— MAR, Level 1, 2 & performance specifications
— Mission Operations Concept documentation

- Many subsystem level requirements development still applicable
— H-2A coupled loads analysis
— Rigid & flexible body control analysis
— Reaction Wheel sizing analysis
— Delta-V and prop sizing analysis
— Solar Array slip ring size analysis

~  — Grounding scheme
@) SDR_DecE?Eer&B,2005-Mission0verview GODDARD SPACE FLIGHT CENTER 2.3
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GPM’s mission:

- Take TRMM measurements global and improve
temporal sampling and microphysics
understanding

— Since a single spacecraft can’t be all places at all times
it requires a constellation of satellites

— The number of satellites required (5 to 8) is cost
prohibitive for any single funding agency

So,

- The GPM mission is an inter-agency and
international partnership mission
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GPM Reference Concept

OBJECTIVES OBJECTIVES

MEASUREMES?

® Understand horizontal & vertical Constellation ® Provide sufficient global
structure of rainfall, its macro- & sampling to significantly
micro-physical nature, & its reduce uncertainties in short-
associated latent heating term rainfall accumulations

® Train & calibrate retrieval ® Extend scientific and societal

algorithms for constellation applications
radiometers e

Core Satellite

® TRMM-like spacecraft (NASA)

® H2-A rocket launch (TBC, JAXA)

® Non-sun-synchronous orbit
~ 65° inclination
~407 km altitude (circular)

® Dual frequency radar (JAXA)
Ku-Ka Bands (13.6-35.5 GHz)
~ 4 km horizontal resolution
~250 m vertical resolution Ground Validation Sites

® Multifrequency radiometer (NASA) ® Ground measurement & calibration
10.65, 18.7, 23.8, 36.5, 89.0, 166, 183.3 GHz ® Cooperative international partners

A\ Constellation Satellites

\ ® Pre-existing operational-
experimental & dedicated satellites
with Passive Microwave radiometers

® Average revisit time
3-hour over >80% of globe

® Sun-synch & non-sun- synch orbits
600-900 km altitudes

Precipitation Processing System

® Global precipitation products from input
data provided by a consortium of

international partners
SDR December 6-8, 2005 - Mission Overview GODDARD SPACE FLIGHT CENTER 2.5




Constellation Build-U
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Mission Assets: « TRMM,
+*DMSP-18
* DMSP-19

Mission Assets: + TRMM,
*DMSP-18
*DMSP-19
* Aqua

* Coriolis
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Notlonal 6 satellite constellatlon 3 hour global coverage
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__Architecture Trades

- Many constellation architecture trades have
been done in close coordination with the
science community to maximize science return
and mission probability of success

— Minimize dependencies on elements NASA has no
control over

— Maximize utilization of existing US assets
- The project has developed a two-tier Level 1
Science Requirement set:

— Full Mission Requirements
* Includes all available assets — both foreign and domestic

— Base Mission Requirements
* Includes US only assets
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GPM Key Partnerships
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- JAXA/NASA partnership on Core spacecraft
development
— NASA providing overall project management/system engineering
— NASA providing GMI
— NASA providing the spacecraft
— NASA providing mission operations
— JAXA providing DPR
— JAXA providing H-lla L/V (TBC)*
- NASA/Radiometer data stream providers, e.g. NOAA,
USAF, CNES/ISRO, JAXA, NSPO, ESA, AEB
— Full mission Level 1 requirements require international contributions
— Base Level 1 requirements require US-only contributions
*JAXA has still to commit to providing the L/V and US has yet to
aﬁprove utilizing the H-lla — NASA budget assumes they will but
;:_ I:c_eLc‘})re development design will be compatible with both H-lla
@) SDR December 6-8, 2005 - Mission Overview GODDARD SPACE FLIGHT CENTER .11




GPM Architecture
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Core Spacecraft Hybrid approach
— Combination in-house/RSDO development
— GSFC maintains overall system engineering responsibility

— Isolates fixed price environment from programmatic uncertainties
- JAXA providing L/V
« International contribution of critical components — schedule risk
* Launch site operations — foreign vs. domestic

— Maintains core engineering competencies at GSFC
— Ultilizes flight proven commercial off-the-shelf avionics
- GMI Instrument: Industry competitive development
— Ball selected March 2005
— One instrument with option for 29 instrument
- DPR Instrument: JAXA/Japanese industry development
— JAXA (including NICT) working on DPR since late 2001
— Industry partner (NTSpace) in place since late 2004
- Constellation spacecraft: Competitive RSDO development
- Science Date Processing system: In-house development
— PPS leverages off of TRMM processing system (TDIS)
- Ground System: In-house development
- Ground Validation System: Industry/University development

AN
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Notional GPM Hybrid System Block Diagram

Revision 1.8.2
October 28, 2005 RSDO Supplied Avionics Package

Non-RSDO Supplied Bus Components

Power Subsystem

Solar Arrays

Instrument Suite

[ KaPR | ‘

| |

[ o 1‘

L‘ [

RocketCam l

Mechanical Subsystem

’ Spacecraft Bus Structure ‘

Solar Array Drive Electronics ‘

HGA Gimbal Drive Electronics ‘

\ 4

Electronics Module
(Structure & Panels)

Thermal Subsystem

GN&C Electronics

Power Converter

Safehold P

rocessor

1553 Interface 1653

GN&C 1553

° 5| | ek Ed H
: IR R -
2 = 8 2 EE s ower
S| » § sl gF &3 £
© 7] sf 33 ] Fnalog
@ 4 @ g s
> i Solar Array
Drive Assembly
>
v
>
\
C&DH Subsystem RF Communication
[ Power Converter | RF
ﬂ Omni Antennas ‘
Processor l
I ) " | RF HGA Gimbal HGA Boom
ﬂ High Gain Antenna [ Assembly Assembly
I Bulk Memory l
| CcMD j RF Transceivers ‘
I RF Comm I/F l Decryption E
3
[ HK 10 | # 5
e Instrument 1553 £
Interface I
SeralDiscrtes Y
\J Safe/Enable
Deployment Interface Plugs

’ Heaters & Thermostats ‘

GN&C Components

l

Star Trackers

Magnetometer Interface

Gyros/IRUs

Three Axis Magnetometers

MTB Interface

CSS Interface

Magnetic Torquer Bars

Propulsion Interface

[

Coarse Sun Sensors

Signals

Serial, Timing & Misc.Discrete

Demisable

Reaction
Wheels

‘ Anslog Thermistors ‘

Heat Pipes, Blankets,
Coatings, etc.

Propulsion Subsystem

GPS Receivers

GPS
Antennas

l Thrusters l

l Catalyst Bed Hirs l

Analog & Discrete
Signals

—1 Enable Plugs

W
L) @ SDR December 6-8, 2005 - Mission Overview

GODDARD SPACE FLIGHT CENTER

l Manifold Isolation Valves l

l Demisable Propulsion Tank l
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GPM Project Organization

PFM —Durning, John 420.2

DPM/R - Fiora, Jackie 420.2

Secretary — Hanlon, Kathryn

420.2
| | [
Financial Project External Interfaces System Mission
Manager Support & Development Assurance System
Dratter ngorah Manager Manager Manager Engineer
4’20 2 Cusick, Leslie Hwang, Paul Toutsi, Tom Bundas, Dave
’ 420.2 SGT 420.2 303 599
Contract Specialist Resources Analyst General Business Asst. External Interfaces Project Safety Manager Software System Engineer Legend
Vacant Wedge, Ronnice 420.2 Vacant & Development Manager Burget, Ja_mie 302 Auda_in, Carver 582 Management Operations
Resources Analyst Scheduler Woodall, Clyde 420.2 Safety Engineer Requirements Management Directorate (Code 200)
TBD Paradis, Bill 420.2 CSC Anderson, J. 302.9 SRSTE  Brannen, Judy 420.2 .
) . External Interface ’ ’ ffice of Syst fet,
Configuration Management Eﬁgineer Reliability Swales |:| Snclicﬁics)sgﬁs:srgjrgsciy
Berry, Rick 420.2 CSC Tanaka, Shoji 420.2 TNK Lee, Lydia 302 Mechanical Systems (Code 300)
Conner, Carla 420.2 SGT Parts Engineer Patterson, Pete 420.2 Applied Engineering &
Williams, Rich 562 QSS Swales |:| Technology Directorate
Quality Engineer Risk Management (Code 500)
Mitchell, Edmond 464 Caprara, Veronica 420.2 . Science and Exploration
HTSI Reliability Engr. BAH Directorate (Code 600)
Ingegneri, Nino Core S/C Systems |:| Flight Projects Directorate
302.9 MUNIZ O’Neill, Debbie 599 (Code 400)
Materials Engineer
Powers, Chuck 541
Software Assurance Contamination
Jordan, Gary 300.1 HTSI  Ramsey, Larry 546
DPR GMI Core Constellation Ground Operations and
Instrument Instrument Observatory Observatory Validation Ground System
Manager Manager Manager Manager Manager : Manager :
Clyde Woodall Flaming, G. Mark Horowitz, Steve Vacant Schwaller, Matt :Rykowski, Timothy:
420.2 420.2 420.2 420.2 581 581

Instrument Systems
Engineer

Bidwell, Steven 556
Instrument Scientist
Shiue, Jim 420.2 AERO

In-house team

Avionics Vendor
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Gnd Validation Engr
Vacant

Science Data
Manager
Vacant

ADP System
Manager
Vacant

Mission Ops Engineer
Howard, Joe 444 HTSI
Mission Ops Engineer
McClure, Dave 444 HTSI
Mission Ops Engineer
Calk, Howard 429 QSS
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Staffing/Activities

* Project team in place
- Engineering team in place
— Many of the old in-house team has returned as appropriate
— Most co-located with project on same floor or adjacent building

- Design activity picking up where it left off in 2004 - ~6
months short of PDR

- Partnership discussions held with NSPO (Taiwan) and
AEB (Brazil) regarding possible constellation
contributions and GV participation
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Global Precipitation Measurement Master Schedule

Ba er 1070
Status: 11/30/05

Spacecraft (RSDO)
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1]2]a]al1]2]s]al1]2]s]al1]2]s]al1]2]s]al1]2]a]a1]2]a]al1]2]a]a]1]2]s]al1]2]s]al1]2]a]a]1]2]3]a
SPR Mission PDR PSR
A A Adv Status, Hybrid Mission
PrOjeCt Milestones Study Rev A ASCR Decision l m MCR CDR A A Aﬁ Core LRD ﬁ
SRR Industrigd Day MCRR Begin S/C I&T PER MRR Constellation
NASA/NSPO LRD
Concept Paper
. NASA/JAXA )
External Interfaces Milestones Formulation MOU Final PIP
Draft PIP MOuU
Core Observatory
Instruments
PRR DRR#1 DRR#2 Interface CDR PQR/ PSR
Dual Precipitation Radar (JAXA) A Delivery
Interface PDR
Unit 1 Unit 2
Contract Contract
ASM RFP BAFO IBR CDR Delivery Delivery
GPM Microwave Imager (BATC)
Prop Contract PDR Fab, Assy, & Test
Award
Spacecraft Begin
S/IC
X . PDR CDR 1&T Testing
In-House Subsystem Design, Build, and Test, Core
Spacecraft 1&T, and Observatory 1&T (GSFC) Launch
Instr Ship to
1&T Japan
Delivery
Avionics Package (RSDO)
RFI RAO  Vendor CDR
Selection
PDR CDR 1&T Release
Ground System/ Mission Operations I
MOR Final Release
PDR CDR Build 2 Build 3
Precipitation Processing System — Ops Build
Build 1
Reqt's Rev Prototype-1 CDR Build 1 Build 2 Build 3
Ground Validation GV Sites Operational
Peer Review PDR Prototype-2 ‘
Constellation Observatory
Vendor
IMDC Study 0 Selection
Multi-Vendor Study (RSDO) BS“de sic Obs Shipto
egins PDR CDR 1&T I&T  VAFB LRD
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GPM | Principle Challenges

"0 - Hybrid development approach

. — New approach for GSFC

"  Performance requirements are within commercial products performance
< capabilities

. - Build off TRMM development experience

. « Two phased procurement — selection in late FY06

o

B8 - International Partnerships

i — Japan critical to mission success

i * Follows same model as TRMM

i — JAXA providing the Core launch services

w « HQ driving for JAXA commitment by end of the year

i - Project drafted contingency plans if NASA has to provide L/V

0 — Data streams

< * No hardware exchange planned

Z - Base mission requires only NASA and IPO/DMSP data streams

@) SDR December 6-8, 2005 - Mission Overview GODDARBRD SPACE FLIGHT CENTER @218
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- Science Data Processing Multiple Asynchronous Data Streams

from Diverse Sensors
— Evolve from TSDIS design
— SEEDS/IPDS/PPS accelerated implementation retires GPM risk early

— Trial runs in FY06 & 07 with
- AMSR
* Megha-Tropiques
« Coiriolis (possible)

- Ground Validation new part of project development activities

— Evolve from TRMM GV experience
* Begin architecture studies very early in mission development
- Commence field operations ahead of Core LRD
— Usually heavily science research based
- Clearly identify and isolate research based from operational based requirements

* Project responsible for operation based and science team responsible for
research based activities
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Mission Level Risk Summar

=
i Risk Title impact
-
‘;‘ H-1 International Partners 1 2 3 4 3
W Commitment -
=
H-2 JAXA Proposed Data Policy -
> 2| 4
i 3
- H-3 Uncertain Launch Date 8
< o
B8  H4  JAXA Provided Launch
7 Services
5 H-5 AP Vendor Down Select/PDR
o Schedule
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Day 1 - December 6, 2005
Location: NASA GSFC B16W-N76/80

Time Section Event Presenter
8:30 AM Logistics & Announcements Durning
8:35 AM 1 Introduction Durning/Ho
8:45 AM Charge to Review Team/RIDs: Purpose & Review Criteria Ho
8:55 AM HQ Overview Neeck
9:10 AM 2 GPM Mission Overview Durning
<l 9:55 AM 3 Science Requirements Hou >
10:25 AM Break
10:40 AM 4 Mission Requirements Bundas
11:10 AM 5 Mission Architecture Bundas
11:55 AM Lunch
12:55 PM 6 Systems Engineering Processes Bundas
1:40 PM 7 System Safety and Mission Assurance Toutsi
1:55 PM 8 External Interfaces Hwang
2:10 PM 9 Dual Precipitation Radar (DPR) Overview/Requirements Woodall
2:55PM Break
3:10 PM 10 GPM Microwave Imager (GMI) Overview/Requirements  Flaming/Bidwell
4:10 PM 11 H-IIA Launch Vehicle Woodall
4:30 PM Review Team Caucus
4:40 PM End of Day 1
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